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SYNTHESIS AND CHARACTERIZATION OF NEW SCHIFF BASE 
MACROCYCLES AND THEIR METAL CHELATES 

K. S Sidcii'qi' and N. Nishat 

Department of Chemistry, Aligerh Mudim University, Aligerh. 202002, India 

ABSTRACT 

New Schiff base macrocycles, 1,4,7,l~tetrsaza-2,3dioxo-S,6,11,12-bis(l'-phenyl-2',3'- 
d1methylpyrazole)dodece-7,1 Wene(L'), 1,4,7,1 l-tetraaza-2,3-d1oxo-5,6,12,13-bis(l'-phenyl-2',3'- 
dimethylpyrazole) trideca-7,I l-diene &*),and their Cr(m), Mno.  Fe(m>, C o o ,  N i o ,  C u O  and 
Z n m  complexes have been synthesized and charecterizcd by elemental analysis, magnetic 
susceptibility, electronic and h e d  spectroscopy. The ligands have bcen chamcterizcd by IR and 
'H NMR measurements. The complexes were characterized by IR, W - V i s  spectra and magnetic 
moments. Moler conductsnce showsthe non-electrolytic behaviour of the &valent metal complexes 
whde the trivalent metal complexes appear to be 1 : 1 electrolytes. An octahedral geometry has been 
proposed for all the complexes. 

INTRODUCTION 

The synthesis and application of macrocycles involving various hetcro atoms in the nng is 
a subject of current rcscarch interest1-6. A number of efficient methods arc now available for the 
synthesis of such macrocycles7-'0. Sometime the reaction is carried out by metal template 
assistance. Complexes of metal ions with synthetic macrocycles are of great interest due to their 
resemblance with many naturally occurring systems like porphyrins and ~obalamines"-~~ and also 
because they are capable of h s h q  an environment of controlled geometry. The macrocyclic 
polydentate ligands containing oxalato groups are not abundant and, hence, it was of interest to 
study the formation of such macrocycles and their transition metal complexes. We herein report the 
synthesis and characterization of two new macrocycles and their complexes with first row 
transition metal ions. 

Copyright 8 1999 by Marcel Dekker. Inc 
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298 SIDDIQl AND NISIIAT 

RESULTS AND DISCUSSION 

The Schiff base macrocycles and thelr transition metal complexes were synthesized 

accordmg to Scheme I They are stable to air and heat Thelr colours, melting pomts molar 
conductances and analyses are listed in Tables I and II Molar conductances of one millimolar 
solution of the divalent metal complexes measured in DMSO at room temperature (1 1-43 ohm-] 

mol-l ) indicated them to be non-electrolflesi7 which may be formulated as p(L)Cl,] where 
M = M n o ,  C o o ,  N i o ,  C u m  and Z n m  For the complexes of tnvalent metal ions, the molar 

conductances fall m the range 72-81 0hrn-l cm2 mo1-l suggesting that they are 1 1 electrolytes and 
can be represented as [M(L)CI,]CI where M - F e r n  and C r o  

'H NMR Swctra 

In the IH NMR spectrum ot the tree ligand Lz all CH, protons (as these are equivalent) 
appear as a slnglet at 6 I 48 (12H). while the two types of methylene protons gve a smglet at 6 2 5 

(4H) and tnplet at 6 2 6 (2H) The phenyl protons appear as multiplet in the range 6 7 2 - 7 5 
The NH protons show a smglet at 6 7 6 The spectrum of Li is slmilar to that of Lz, the dlfference 

is only u1 the methylene protons Here, the slnglet of only one type of methylene protons appears at 

6 2 4 (4H) The shR of the CH, and NH proton signals towards lower field in the spectra of metal 
complexes is an mdication of the coordmation of the macrocycles 

The IR spectra of free Schff base macrocycles (Table Ill and rv) display a band centered 
at 3330 cm" due to v(N-H) of the amide groupi8 while the C=O stretching frequency of the amide 
group appeared at 1600 cm-l However, the v(C=O) frequency correspondmg to the amide I band 

(1600 an-]) and v(N-N) (1070 anei ) remam unaltered in both the free and chelated macrocycles 
whch is m accord wth the results reported by Hanson dig These free macrocycles are known to 
e h b i t  v(C=N) at 1660 cm-' wtuch undergoes a s h f t  to lower wave number after chelation with 

the metal ion In the present work, v(C=hJ and v(C-N) have been observed m the 1650 -1600 
an-' and 1380 -1410 an-' ranges, respectively, which has been found to be shifted to lower wave 
numbers m the complexes due to the reduction u1 electron density indicatmg the coordlnation of 

the metal ion yla the mtrogen atoms 

The v(h4-N) frequency u1 the F e O  and C r o  complexes appem in the 375 - 390 cm-l 

r w o n  as compared with those of hvalent metal ions at 3 15 - 345 cm-' llus may be ascnbed to 

more effective bondmg due to substantial overlap of C r o  and F a  orbitals with those of the 
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NEW SCHIFF BASE MACROCYCLE METAL CHELATES 299 

2 

H2N NH2 

Ethylenediamine(n=l)  1 FkH 1,3-Diaminopropane(n=Z) 

- 2 H 2 0  
Aminoantipyrine 4 

+ MCI2 (EtOH,Buffer of p H = & )  i 
0 0  

Scheme 1: Synthesis of Ligands a n d  Complexes 
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302 SIDDIQI A N D  NISHAT 

Table 111. (Important IR Bands (cm-1) for L1 and its Metal Chelates 

compounds v(NH) v(C=Ny v(C-N) v(M-N) v(M-CI) 

L' 333om 16609 141Om 

[CrLl q]a 331h 1630s 14OOm 370s 25Ow 

FInL'c1J 3315m 1610s 13% 315s 26ow 

[FcL'cl,]cI 3 3 m  1630s 1380111 390s 265w 

[&L'c41 332Om 1590s 13% 320s 28Ow 

[NL' C4l 331Om 1580s 141Om 3409 2% 

[CuL1c41 331h 1640s 13% 330s 285w 

pL' Ch] 3 3 m  1590s 13% 330s 295w 

Table IV. Important IR Bands (cm-') for Lz and its Metal Chelate 

Compounds V O  v(C=N) v(C-N) v(M-N) v(M-CI) 

L2 333om 1650s 1380111 

[CrLTlJCl 3320111 1630s 1360m 3808 3oow 

[MnLzclJ 33oom 16208 137Om 345s 3oow 

F e L W  33 15m 1610s 136Om 375s 28Ow 

D L 2 c 4 1  331Om 1640s 137Om 345s 2% 

[ N i L q I  3 3 m  1635s 1365m 345s 3oow 

[CULZc1J 332Om 16208 136Om 3409 295w 

[ = z q 1  3310111 1630s 136Om 315s 275w 
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NEW SCHIFF BASE MACROCYCLE METAL CHELATES 303 

ligands whxh increases the electron density around them with a consequent increase in v(M-N). 

The weaker intensity bands observed in the regon 250 - 300 cm-' may be associated with the 
M - C1 bondzo. 

Electronic Srweba and Magnetic Moments 

In all the complexes of C r o  three bands were observed (Table V). From the simple 
orbital splitting pattern, it is clear that C r O  has three unpaued electrons whch is supported by 
the observed magnetic moment. These results correspond to an octahedral geomeuy around the 
metal ion. 

The majority of hgh spin Mntq complexes have an effective magnetic moment of 5.90 
BM. In the present cese the observed value (6.00 - 6.04 BM) is very close to the calculated onezi. 
The magnetic moment value and electronic spectra suggest an octahedral geometry for the Mnm 
ion. 

Three bands are anticipated for all the complexes of F W .  The magnetic moment of 
5.86 - 5.88 BM and the colour of the complexes arc consistent with an octahedral geometry around 
the metal ion22. 

The Ni@) complexes exlubit three man bands (Table V) whch may be attributed to the 
transitions 'T,,(F')t '.\,(F), 3Ti&F)t 'A@) and 3T2,(F)t 'A.@). On the basis of magnetic 
and spectral assignments, an octahedral structure for the Ni(II! ion has been proposed. 

The electroluc spectra of the Co@) complexes show three absorption bands and the 
magnetic moment ranges between 2.62 - 2.81 BM This variation is possibly due to a minor 
difference in the size and field strength of the ma~rocycles~~ 

In the electroruc spectra of the Cu(II) complexes one charge transfer and one broad band 
have been observed which is the characteristic of Cum ion. The magnetic moment is slightly 
above the theoretical value although it is not very unusual for an octahectral complex 

Aminoantipynne, ethylenediamme, 1,3diammopropane (Koch Light) diethyl oxalate and 
metal chlorides (BDH) were used as received Elemental analyses were made with a Thomas and 
Coleman analyser Carlo Erba 1106. The H NMR spectra were recorded on a Bruker WF' SY 
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306 SIDDIQI AND NISHAT 

spectrometer The IK spectra (4000 - 200 cm-lj were recorded on a Perkin Elmer grating 
spectrometer, model 621 The electronic spectra were recorded on a Carl-Leiss VS17-2P 

spectrophotometer Magnetic susceptibility measurements were cam4 out with a vibrating sample 
Allied Research model 155 magnetometer at room temperature The molar conductances were 
measured at room temperature us- a Systronics 321 conductivity bridge Metals were determined 
by complexometnc titration usmg EDTA Chlonne was determined gravimetrically 

Synthesis of Li and L2 

Svnthesis of L, 

Ethylenediamme (10 mmol, 0 66 mL) was added dropwise to 4-aminoantipyrine (20 mmol, 

4 6 g) dissolved III 100 mL hot ethanol and the mixture wa. refluxed for about 20 h It was cooled 

to 0°C and acidified with HCI. takmg care that the temperature did not exceed O'C, which yielded 
a light brown precipitate It was redissolved in 50 mL ethanol. diethyl oxalate (10 mmol 1 35 mL) 
was added and the murture was cooled to 0°C. whch afforded a yellow product (Scheme It was 
washed wth ethanol and dned m vacuo Yield 1 59 6 (26% ) 

Synthesis of Lz 

L2 was synthesized by the above method uslng 1,3-&ammopropane (10 mmol, 0 85 mL) 

and 4-ammoantipynne (20 mmol. 4 06 gj and methyl oxalate (10 mmol. 1 35 mL I Yield 1 18 g 

(249%) 

Svnthesis of ComDlexes by the Direct Method 

The metal chlonde (2 mmol) tn ethanol 125 mL) was added dropwise to the Iigand (3 
mmol) lssolved m a 1 1 m w e  (50 mL) of ethanol and a buffer of pH = 4 The mixture was 
reflwed for 3 h A coloured precipitate appeared under reflw whch was filtered, washed with 
ethanol and dned i p x a 9  As the yield of the complexes synthesized by metathetical remtions 
was very small, the template method was also employed 

Terndate Synthesis of Complexes 

Ethylenediamme (2 mmole, 0 12 mL) was added dropwise to an ethanolic solution (50 mL) 
of 4-ammoantipynne (4 mmol, 0 18 g) After ref lwng h s  mucture for a b u t  half an hour, diethyl 
oxalate (2 mol ,  0 2 mL) was added and M e r  refluxed for 24 h The mixture was cooled to 0°C 
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and metal chloride (2 mmol ) in ethanol (25 mL) was added which afforded brisk precipitation of 
the complexes (Yield 48 - 53 ?h). 
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